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YEXHY dicamba Mo 2zisstd R WEgw

TR 6 ABREY, SRS s H3E

29} : Dicamba (36-dichloro-o-anisic acid)®] $24-¢ H28alz, FEALEHE FUAIN] sk AEg
TRUAL 3t FAANES 8EEES AT F v FE2AY dicamba YAE AXHALH, o5 YA
of th&t oj3eta 54 L AEBZHL ATt Dicamba QAL IHAE = S55 AR BEHL o
T JeFYes 2%, FAEY koling FHWAZ o] FRH| o me FEEYYLZ 432 A=A
o AzSdd dicamba YA|O] AAEE 90.0~963%0) 00, AFWHE |EA LS incorporation H] &2 <]
3ol 89.5~94.5%, $EZHHO| 46.7~820%5 ehich Dicamba YA BEH L S5 HES A
3t} AzF DG27t 7 ERTh W RAAE DGt /M wkow, 331189 Miragel 46302 A A S
DG-10] 71} w9 Dicamba YAF RAAMES] HAIH AAHL 50TAA A2 90U Fo DG-17 27t 5%
ol3t7} #¥ WHe] 33tAE< MirasperseZ A& ¢ DE-1& 5% o|do] 3= Urt. Dicamba YAF FEA
T FEEEEL o 257U 100% SEHAT SAXAGA dicamba YA AzxEIAE A 309 F
A= 0% o] 2 FAXNSEAZ}F JATH(19999 1€ 119 FF, 199 44 304 <2))

Key words : Dicamba, 94|, A%, 33 1E.

M E £ o]43 A& (Dum %, 1981; Bumside 5, 1989)
T AHSERC e AAdE € 1 E8HAE I}

e FEAREY A Y, Fa3As s sl e FAR
7179 4%, 9% 2 FA4 g3 A S A Dicamba (3,6-dichloro- o -anisic acid)E 1961'd¢] v
o2 FENEY WEL 2¥Y $ Y& ¥% = Velsicol Chemical Aol A 7§E3te] ]S SandozA}
Z3% ¥ e B AT A AT Y auxinPER2) arenecarboxylic acid
(Kydonicus, 1980; Vollner %, 1985; Wilkins, 1987; A AYAd SE2R0|PY A XA (Tomlin, 1994)EA
Schreiber, 1989)7} #wstA AP ok WEzA 2 JetMe 198435 E Y, gEd Ex Y
3 F2 dA9 B8y 54, WAy, BAA B35 RN 228 5 FdFxd ZE (oA}

ol
)
PN
i)
of
ol

71 2 AEY s s nstd fEHES A 5) AA AHE (FLFIPEsS], 19925 3 et

A mE $4 nEAe FHAdl setEe A% Dicamba®] %&xAY Azlzte] B3 AFE Tefft
E: EgZ 02 encapsulation ¥ incorporationA] 7] £(1993)0] ethyl cellulose9} polyarylsulfone2 A}-4-3}o]
Agoz A, AA|, microcapsuled] o] g3, FA €ul5 2 (solvent evaporation)¥} EFZAZY (spray
FAE o] &% filmA| (Bahadir, 1983), WAA]7|M&  drying) @& polymeric microspheres (MSs)& 20~40 m
HEdEHE 2 FRE HAT F e u3uA A7]2 AZ% F soil column irrigation release 23S

(Kydonieus, 1980)5°] glon, HZoe THo A4 3] dicamba®) WEZAG) sty HEZ AR
A g nst LRAEATG HolJRg P n]  ethyl celluloses] EAFH ethyl celluloses} poly-
71 A (Cohen, 1983; Lie, 1984), 2-Z4] % (hallow fiber) arylsulfone®] Z3Ho|&ol| we} dicambadl W& 23
& & QAT P

A=A A Schreiber 5 (1994)2 dicamba, atrazine % metol-
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achlorg Egstl RS FHAZ & YA A%
FAZEA oj A, HF, SLE F 4% & YA
HE HZE 2 dAs AwFAe] F5Y Fa
£ Yehdta itk

A 2 dFME HATER 2 AR A
4% FedxHE F£Ag FHNAR o8t r&
dicamba o] @H §EE JAA | Z, HokA e
Al B3RS BAE £ e F4AFE At 2
43E FY8Ah

Az 2

AMEsistE
WE2AY A AR AHEE  dicamba (3,6
dichloro-o-anisic acid, 2= 88.0%)% A1 8}8}= Al 3]
ALZRE B pgton, B AYo AR AL
9 dicamba 4| dimethylamine ¥o] Hejz Az

ABEE AT TAs A8k,

HAE S2xp

PAAZ AHg# Mirasperse®} Miragel 463% (o] 3}
Miragel)& ©}jZ A. E. StaleyAlol] A £ wigroni
Mirasperse®] £2]8}5t3 QAL o] 4~8%, pH7L
5~7, = 10,000 CPS, ¢J=}=17]7} 100 mesh o] o] 4]
98% &7, 1e]li Miragel& 80| 5%, pH} 5.5,
Z+317)7} 100 mesh o] o) A 95% E3}E A Zo)t)

A
U433 (granulation method)3} FEZY (extro-
sion method)ol] 98] HzE WEZHY dicamba YA

o AzALe F 144 RHE ule gl DG1e
Miragelo] 23} alcohol9] H7}of 28] gAog He
AAE ol§3tyon, DG2E AEF} NaOH9HY) 5%
g o] 83l YdgYPor Azxsgrk DG-19
AAYHL 531482 Miragel 9.6 g& Hlo]H H
§ t}8 dicamba YA] 04571 g& isopropyl alcohol 2
ol X F/5 25 mol ¥ T ) T3A R
AN og mEA EF3UT o @ EFEL
&9 ge7t e, 44ste YA Adisd 1=
A BN Og ol 197 SEAZEY 10~40
mesh 3719 A& Adsle] £ Ao ALg3igt
DG2E $44 AR 45 g& woAd AT dg
dicamba 2.2 g<& isopropyl alcohol 15 mgol] 391 3 o]
A& $5F AR ®u 31274 8 $F NaOH 6
g FH5 25 M2 §3% 898 AR Y we
3 AASA EFSHAT o W EgeA HA g
7t BAEH, o] YAstE AAE AHgutso] w2
AN B 193 5F 82319 10~40 mesh 27
o YAE Adste B Ago] AHg3gch

8 DE-1~4v FE2¥Yd 939 Az
o, AZA) H7HE suerose §oo] BAMY 2] & ¢
A7t EFF B FEHYE o YAFY sucrose
7} Boll o} dicambadl §&& 4ol3A 7] HE
o sucrose®] FEE UA3A 33l Mirasperse’s 4
F 282 kaoling 3 $F02 34 AAFY o
E A g AAuEL dicamba YAE 2%
acetoned] o] sucrose §Ad EFY S
Mirasperse$} kaolino] EF€ £7] o] Wi FA3
38 9 FYA=Z7] KAR-76, Tsutsui Scientific
Co. Ltd, Japm)E ol &3te] 947 1 mz AFEAA 1

Table 1. Quantities of active- ihgredient and inert materials wsed in the granular formulations of dicamba for

controlled release

Formulation Composition (%)
code Dicamba Miragel  Comn starch NaOH Mirasperse Kaolin Sucrose
DG-1 40 96.0 - - - -
DG-2 40 : - 85.0 11.0 - - -
DE-1 40 ; - ] 770 . 19.0
DE-2 40 67.0 100 19.0
DE-3 40 : - - - 57.0 200 19.0
DE~4 40 - - - 470 300 19.0




BE2AY dicamba YA} Bejsietyd 2 AeaH 39

A EFAZE TS 1~3 m Zo|2 Husie B
A3l AHg-stgth

Dicamba ixe| MM &

ARY QAL F2l €I BT oe 242
05 g¥ AHsA Hstd 50 ml screw capped
Erlenmeyer flaske] ¥-2 % 500 ppm ¢ -amylase -2 9%
(Sigma, U. S. A) 20 meE F713tx 37T 7]l
A AT B ARE FHAA FEAAY 329
2 7}7Z} 045 ym membrane filter (aqueous solution-g,
cellulose acetate membrane, 3542985 FYF 43 h=
o759t o] o 1 mE 10 mé volumetric flaske]]
A g WEEFEZE 4000 ppm 4-bromophenol 1
mME Y& % HPLC (Wates HPLC, Column;
Bondapak C18 (10 ¢m, 3.9 mmx30 cm), Wavelength; 280
nm, Eluent; CH:CN : 0.IM KH:POs = 4 : 6 (v/v), flow
rate; 2.0 m¢/min)&E o] &3] FA 3}

Dicamba 9| % incorporation H| &

Alg 1 gs HT oS YARA 2] Y= F8A
B AAS Y5t 284 10 M 42 AgE 2
3] AXg = 3 AJYE 2opx HPLCE 43514

Dicamba ¢]HMe| Q=¥

AR 10 g& A3 sl sieve (10, 20, 40 mesh)
o &3 ¥2 ¥ 20x7 Jgsld Z4z aspdz B
A% s FA MRS 2AAC

2id o &4 (Swellability) X % 54 (Floatability)

PBEHEe N8 02 g& H3to] 10 ml graduated
cylinderol] W3 FHS 4 mE 718 F 30T FF&
71 WAk o # X 3AzF FALe A7 A
MM EE0] FRLH, 24X Fo F{E EolE
245 &8 FFAHS 250 mg HlolFAd FF
T 100 mE ¥ A2 AR 1.0 g& MA3 9
ol oF SE Fdi E{E dAE FAdA Az
AL F AR FAE SAAT

AXME MEo 2o OfF S
ZAT NaCO; : 192 mg, CaSO4 - 2H0 : 120 mg,

MgSO, : 120 mg, KC1 : 8 mg, 557+ : 1£) 200 mi &
250 m & vlojFA BI AE 1 g& A F 20T
o] F27I1WdA 6, 12, 24, 48X 7 F<t F23}A
2t NE2 AEE A% the Bichner funnelo] 3]
(Whatmann No. 6)& 23 ZStaizisld g3i=x) o

L AES AAh 00T AzIMeA AT §
A2 tF YATY FETRA dF FAE &
Aote] FA HEeZ AES S HF LA=E A
3tk

Dicamba }M 9| 7842 HAIHH M

ANg dBFE FHdH 50 ml screw capped

Erlenmeyer flaskol]l ¥ 3 50C &-27]UidlA 30, 60, 90
A7F WX % g AHRYSF H2 ARE Ao A
A& EANE A 243k

Dicamba QHZ REME TSEEM

Petri dish (ID. 11 cm)ol) sea sand 15 g& ¥ 3§
4 20 ME H7he o8 ARz silk screen (12X12 cm,
325 mesh o}3h& EelFUh o] silk screen o A|
= 1 g& At 20T F27]djol Ex|3HaA +F
02 £&H0] Y& dicambad] ¢& A FOE A
28 AF3l9 HPLCE EAE o

Dicamba 9ido| 4 =AM

Z2y| (white clover, Trifolium repens L., 2% 10
~15 cm), 28]Ae] (curly dock, Rumex crispus L, %
2 20~25 cm), % (mugwort, Artemisia princeps
Pamp., %% 15~20 cm), &= (horseweed, Erigeron
canadensis L.; 2% 7~10 cm) R 7/1¢%= (annual
fleabane, Erigeron annuus (L.) Pers; 27 12~17 cm)
€ IAZ2Z &Y pot (500 cr)ol oM@ ¥ 24
el A AzEHE AAY9s 42 98 A

da # nF

Dicamba 2{H 2| HH 2

Dicamba A& AZ3to] AAl&S AT Ade
204 B ule} o] 90.0~963%2 AAEL B
Ak
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Table 2. Formulation efficiency of dicamba injon dicamba granular formulations

Formulation Added Found (%)
code (%) Infon granules Effiency
DG-1 40 360 = 275 90.0
DG-2 40 362 £ 325 90.5
DE-1 4.0 385 + 1.25 96.3
DE-2 40 379 £ 1.00 94.8
DE-3 40 385 £ 125 96.3
DE4 4.0 372 + 255 93.0

*Mean + SE (n = 3).

Dicamba 2| & incorporation H|-&

Dicamba ¢J#)¢) incorporation H]&-¢ BA& Ag:
E 30)4 BE vks} go| DG-13} DG27+ 22} 89.5%
2 945% o|}tk o]AL AAFHNA dicambad A}
29 AR vz EFSt  isopropyl alcohol o
NaOH £9& 2718 & w2 Egsid FFAPe
ZN Fogdoez @B o] incorporation © FHOoZ
Btk 39 DE1~49 7oA kaolino] H7}s]
7] 948 DE-19]A incorporation H]-&0] 82.0%U < &,
Uz DE2~4 X4 E ¢ 47~55%%to| incorporation
HAk olgt 2L AL AR Fo| FHEFE
AR MAdol wobdel wek AL dicambar} £z
Aoz Aste Fol ZstA FEHo Yehhe &
Hoz BeATh

Table 3. Distribution of dicamba in and on granu-
lar formulations

Formulation % Active ingredient
code Adhered - Incorporated
DG-1 10.52 89.48
DG-2 5.53 9447
DE-1 17.96 82.04
DE-2 45.87 54.13
DE-3 5332 46.68
DE4 4463 55.37

AMo A E

Dicamba Y#l¢] YE=ERXE 4T 2dx HE 494
B vk} o] DG-13 DG-29} 10~40 mesh A}o] <]
371 DG-13 DG-27t 47 80.8%%) 732%%th

AL Yo AAF Fgel AAS A A3
o] £z FYHUY HEd EFEETF =AM
T AR2 FFHHM, oA AxHAH] JAH
3Hez v Ao oyE EAAC] HEd A
o2 7ld€ch §¥ DE-1~4¢ Afoe dAAVE
ZAY F YT screen-(F74 1 m)g FAsH] FE=

date] Azxsnz A7 W 9FS AU

e #HEH W Fwd

A& YA EFel AGHAE | ARl B

FrEe 4o AL =g dFse] Fo
$aAEo) 829 & U& =S Fohur] Ay

gt 29 194 RE ue} go] DE-1~4s
DG2& W TEAL o, Yk $54 ARo AAD
£ 3707 B4E wEd ssbaRoz AAY
DG-1 ¥ DE-1~49M& < 55~62v]7} B&d Ao
2 etk olE@ A4e ssAEel 8L FF
t 50| &y] WEd) vt 55 ARRT Bgol
#2¥ Aoz Az,
3 Brde dAE EY AsAe 9@ B8
£ fA%0 98 A EAol oplHE g o
237) 918 S99 DE1~49) BSoME AR
FFol 3712 £5 YA EBfgol Eop o,
DG-194 1441%2 H4&°] 7FF 3.
dhdd] DG20|A L14%2 7HE @& Bi&S Y
ERASITh o2 @ %2 ¥ o), DG-1¢ B¢ AT
A9e ASlE 2% B 475 Q8 Mg &
&40 ob/ld Aoz o, D627t FrHe
g GRE AAZ AU

s
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Table 4. Particle distribution of dicamba granules formulated with starch for controlled release

Formulation Particle distribution”(%)
code <10 mesh 10 - 20 mesh 20 - 40 mesh >40 mesh
DG-1 6.6 50.6 302 6.3
DG-2 119 319 413 14.9
DE-1 02 809 16.3 25
DE-2 14 64.9 254 83
DE-3 27 85.0 109 12
DE-4 38 86.4 79 1.9

YAverage of triplicate analyses.

Swellability (%) of granules

1400
1200-
1000
8001
6001
400-
200

(1

DG-1 DG-2 DE-1 DE-2 DE-3 DE-4

Formulation code

16

14-
12
10

Floatability (%)
of granules

oNn s o

DG-1 DG-2 DE-1 DE-2 DE-3 DE-4

Formulation code

Fig, 1. Swellability (1) and floatability (II) of dica-

mba granules formulated with starch for
controlled release. Temperature was kept at

30T during the experiment.

= AL AES AT YAE EGl HYs
9 EXFHo] 9§ dicambad] £&& o=3}y)

st Fstgnh 29 2914 B ubeh Zo] DG2
= A 6A1ZF Foll oF 34%, g 48A|7F Fo o
39%7F o &A= FH d=7A S5 AR
el Bo i &3S M 647 Foll 7.6%019
3, A7 487 Fo 108%0) EHsQrk o2 4
e & Ad AHE S55 AR B g &
o] 25CAIA 25%ee F& AAT o, dz79
BFAAE 22 Zoldl 7|3t & =rt HAE
2‘1%4 =3

Ao -%%510121‘-‘4 AAF l EH?SL 83l

DG-l«] A$oME Az 6*11} Fo HE9
4L 202%01%o4, A A4
64X FRE YAF AR F43Ao] Mirageld
AH FEIERTE ZAHAY o AFge
Miragele] E/o] B9 AZHUS Lol 1 H&
sto] &8 & gels FA37] W] o ol +
%vﬂEﬂ AAHA ke Aoz AzEol

$tH DE-1~49] ZAS-oAE A 6A7F Fo o
50~69%7F B LMHQYL, THAR A TGo] A
St1 kaolin®] AME-Fo] F/HETE HEQ L3i=:
7kt S BAth oleh e AL A 48
At TR E A&EHG o, Ak HI we
L2 Z74= 6~10% olv] k.

18y} Mirasperse ZHA| RS dj2FoA Eof ot
S A F RAMAAE AAGE A v}
of o dizk §I=rt AT wkon), A 244
F Fo 9%6% o] HA2w, e 8T Fole &

T8
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. 2.

Water solubility of starch (Mt/Mo) from the
dicamba granules for controlled release
formulated with corn starch (I) and
pregelatinized starch, ‘Miragel 463% (O0) and
Mirasperse® (), into water. Temperature
was kept at 20C during experiment. Mt, the
mass of starch dissolved at the time t, Mo
the total mass of starch in the granules.

A8 SH=A olde A%e
2ol HAEE 44 ufH

Mirasperse?] 574 ]
Aol A 48 A

Fol 273 Bl §38 AoE mols, YA 73
$oE 9A AZFRF 94 2 PAE EFS T
23 W3 e 4EAA dzse BAdA

Mirasperse©] 43 4571 FA=o Yehd Az >
250 Atk

A2 AR AHEEHE
kaolin®] o] F71EFE "d—“?‘:«l F&A=7T 7t
& AL sucrose7t £ H L 'F F kaolino] o &
FE ARAAE FFA49 ?JXH-JV} golsta &
Azo] AHoz Fuso] 3] HFHAH Tt
3 d 7 Aes dddn

AL gl Fastn

Dicamba 2iHM%E FaEAM 9 AHAlZsl
AAF FEAAE ?.@"-% ZAbs7] 98 50T

ANHY dicambas] FFAsE
ssb 2uk ol W B 4ge] A4

AAE AL, ?JE%_'-E, FAEH A olse 42
% 2#3e DG-1, DG2 % DE-1& AHsto] 33
Atk

N7 90Y o] DG-1 @ DG2 YA|F dicamba £
e 74zt 500%9 497%E B H|3e DE-l
QA% dicamba: 6.17%9) 3] &< JElo] DG-1
2 DG-2 ogxM DE-1 gArth AAgHgAde] E4Th
duizog HEL Fo didtd EAHE d& ¥
A =4 dmx}xﬂ«l Aggo] sl Fert st
AAo| gled, ¥ Agd A4¥ DG2¢ DE-12
g 0YRE YAt g AWHE 4L ¢AT
Z gtor}, 4 S19920] ARFHAE o4 A
Aol AFoAMG o] YAZE ML HY Y7
SR8k AL 2% £ gk

A

L

Dicamba ¢MZe| REME 5854
JAF dicambad] FFEEEE TAG AFe
d 304 HE uieh Zt)h DG-13 DG29 +F&F
& AE 19 Fo| ¢ 30%7F §FHUoH, Azt
AHgd we 1 £58&L F7std A 139 Fo
7z} 100%9} 99.8%7 &&= At ¥H DE-12 DG-1
3 DG29= tzA A 19 Fo 325%71 &5
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Table 5. Dissipation of dicamba in granular formulations for controlled release under the sccelerated temperature”

Formulation A. 1 content (%) after given days
code 30 60 %0
DG-1 0.50 1.67 5.00
DG-2 0.00 1.93 497
DE-1 442 520 6.17

“Samples were kept at 50+2C.

Cumulative release of
dicamba (%) into water

0 5 10 15
Days after treatment

Fig. 3. Release rates of dicamba from the granular
formulations for controlled release into water

under a static condition.

A, A 1Y Fo 100%7F & =Ach o) Az
2 o) DE-19 £&4%7 W2 AL DE1 AAA
A7+ sucrose?] F&38)4do] F7iso] DG-13} DG-2
Hox mz7 859 Aoz A7k

Dicamba 2| N =5t

B522Y dicamba YA o)L FAFzo] )
AzETE 39 404 BE ulgh o] AYe| ALg
g FNRE B MYzl Azxide Azsqo
U, M 139 EREE Az} o 80% oL
Bglom, MHze 7% olME 27 3020 A
WA 90% ol el AzEAE YehHT:

o8&
Bahadir, M. (1983) Untersuchung pestizider controlled

release formulierungen mit LDPE und EVA. Chemo-
sphere 12:1327~1336.

Weeding effect (%) Weeding effect (%)

Weeding effect (%)

Fig.
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4. Weeding effect of dicamba granular formu-

lations for controlled release on broadleaf
weeds in the greenhouse.
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Physico-chemical properties and biological activity of controlled-release granular formulations for the herbicide
dicamba :

Kyeong-Seok Oh’, Byung-Youl Oh, Seung-Soon Park, and Jac Koo Lee' (National Institute of Agricultural Science
& Technology, RDA, 441-707, Suwon, Korea, and 'Department of Agricultural Chemistry, College of Agricuiture,
Chungbuk National University, 361-763, Cheong Ju, Korea)

Abstract : Dicamba (3,6-dichloro-o-anisic acid) granular formulations for controlled release (DGFCRs) were prepared
with biodegradable polymers, comn starch and pregelatinized starch, to minimize harmful side effects, extend weed
control performance, and control the releasing rate of the active ingredient. Physico-chemical properties: and
biological activity of DGFCRs were studied. Six different granules were formulated by applying two processes,
granulation and extrusion. Formulation efficiencies of active ingredient (A.L) in the granules prepared by granulating
and extruding were 90.0~96.3%. Incorporation ratios of AL in the granules prepared by granulating and extruding
showed 89.5~94.5% and 46.7~82.0%, respectively. The highest swellability was DG-2 formulation prepared with
corn starch. Whereas, the lowest floatability in water was DG-2 formulation, while the highest one was DG-1
formulation prepared with pregelatinized starch, Miragel 463. The degradation rates of dicamba in the granules under
the elevated temperature of S0C were less than 5% for DG-1 and DG-2 formulations even after 90 days,
meanwhile, those of DE-1 formulations prepared with pregelatinized starch, Mirasperse, were more than 5%. The
release rates of AL from the granules into water under a static condition were about 100% after 2 weeks. Weeding
effects of the granules on broad leaf weeds tested in greenhouse were more than 90% after 30 days.

*Corresponding author(Fax:+82-331-290-0521, E-mail:ksoh@niast.go.kr)



